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RÉSUMÉ 
Les études d’efficacité de traitement en ouvrages de type bassin d’orage ou de traitement d’eau usée 
ciblent communément les conditions de charge hydraulique et les flux de polluants qui y sont 
associés. D’autres études évaluent les conditions à l’intérieur même des bassins grâce à la 
modélisation de la dynamique des fluides numérique (CFD) ou des essais de laboratoire. 
Puisque les voies de passage à l’intérieur des bassins ont une influence considérable sur l’efficacité 
de traitement, la mesure des profils de vitesse (FVP) peut contribuer à la calibration des modèles de 
CFD et ainsi, à mieux comprendre les procédés de transport des polluants dans ces ouvrages. 
La présente étude résulte des tests de mesure FVP pratiqués en bassin d’orage à Pétange 
(Luxembourg) avec le prototype OCM Pro LR de la société NIVUS. Le système de mesure OCM Pro 
analyse l’écho de signaux ultra-soniques à différentes profondeurs d’eau pour obtenir des FVP 
détaillés. Une étude comparative a révélé une bonne conformité entre les flux de vitesse mesurés 
avec l’OCM Pro LR et ceux d’un système à moulinet. 
Les profils de vitesse mesurés par l’OCM Pro LR ont indiqué des courts-circuits à l’intérieur du bassin 
pendant les périodes de déversement, ce qui pourrait engendrer une réduction de l’efficacité de 
traitement de l’ouvrage. 
ABSTRACT 
Generally, studies investigating the treatment efficiency of tank structures for storm water or waste 
water treatment observe pollutant flows in connection with conditions of hydraulic loading. Further 
investigations evaluate internal processes in tank structures using computational fluid dynamic (CFD) 
modelling or lab scale tests. 
As flow paths inside of tank structures have a considerable influence on the treatment efficiency, flow 
velocity profile (FVP) measurements can provide a possibility to calibrate CFD models and contribute 
to a better understanding of pollutant transport processes in these structures.  
This study focuses on tests carried out with the prototype FVP measurement device OCM Pro LR by 
NIVUS in a sedimentation tank with CSO situated in Petange, Luxembourg. The OCM Pro LR 
measurement system analyses the echo of ultrasonic signals of different flow depths to get a detailed 
FVP. A comparison of flow velocity measured by OCM Pro LR with a vane measurement showed 
good conformity.  
The FVPs measured by OCM Pro LR point out shortcut flows within the tank structure during CSO 
events, which could cause a reduction of the cleaning efficiency of the structure. The results prove the 
applicability of FVP measurements in large-scale structures. 
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Investigations of the cleaning efficiency of tank structures (e.g. sedimentation tanks with CSO) 
commonly focus on the analysis of hydraulic load conditions and the related pollutant flows in the in-, 
out-, and overflows of large-scale or lab-scale structures (e.g. Luyckx et al., 2005 and Mietzel et al., 
2007). These parameters are assumed to characterise the ongoing cleaning processes inside the 
CSO structure. Other studies evaluate the cleaning processes within tank structures by computational 
fluid dynamics (CFD) modelling. The modelling is commonly based either on large-scale structures 
under specific static hydraulic load conditions which are assumed to cause low cleaning efficiencies or 
on lab scale structures under selected constraints (e.g. Tyack and Fenner, 1999).  
The measurement of flow velocity profiles (FVP) in flow through treatment structures can be used to 
observe and to optimise the flow streams inside the structure and consequently the treatment 
processes. FVP measurements can provide valuable information to prevent short cut flows or dead 
band zones in tank structures. Furthermore, FVP can be used to calibrate CFD models. As flow paths 
inside flow through tank structures have a considerable influence on the treatment efficiency, Tyack 
and Fenner (1999) used acoustic Doppler velocimetry for FVP measurements within a lab scale model 
hydrodynamic separator to calibrate a CFD model. 
The study reported here focuses on tests carried out with a prototype FVP measurement device OCM 
Pro LR by NIVUS GmbH (Germany) in a large-scale off-line sedimentation tank with CSO situated in 
Petange/Luxembourg. The long range (LR) prototype measurement system employed in this case is 
based on the measurement device OCM Pro for flow measurements in sewers and water courses with a 
depth of up to 1 m (Teufel and Solliec, 2010). The OCM Pro measurement system analyses the echo of 
ultrasonic signals of different flow depths by the cross correlation method to get a detailed FVP.  
The application of comparable monitoring devices like the Acoustic Doppler Current Profiler (ADCP) 
by Teledyne Technologies Inc. or the Acoustic Current Profiler (ACP) by SonTec have only been 
reported for velocity profiles in open channels and large pipes (Huang et al., 2009) under lab 
conditions and for surface waters (e.g. Marsden et al., 2002; Adler, 2005) so far. Presently, the OCM 
Pro LR is the only FVP monitoring device meeting the ATEX standards for use in potentially explosive 
atmospheres which is required for measurement systems in several countries (e.g. Luxemburg, 
Germany etc.) 
2 METHODOLOGY 
2.1 Cross correlation technology for determination of flow velocity profiles 
For years the acoustic Doppler effect has been used for velocity and flow rate measurements of water 
and waste water in pipes, open channels and water courses. Only a minimum of small particles or air 
bubbles is required to use this echo technique since their velocity is the same as the flow velocity. An 
alternative method for flow velocity measurement even in water bodies or structures of larger 
dimensions is provided by the cross correlation technology.  
Correlation is more and more used as a mathematical tool for flow rate measuring since fast and 
powerful microprocessors have become available. Figure 1 illustrates the measurement principle. 
 
Figure 1: Acoustic cross correlation method 
The picture shows the cross correlation sensor of the NIVUS OCM Pro CF (Teufel, 2006). This 
acoustic sensor sends a short ultrasonic impulse into the water with an angle of 45° towards the flow 
direction. The sensor then receives the echoes of the flow field, dividing them into time frames which 
can be converted into spatial windows. After a fixed and known very short time a second pulse is sent. 
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The echoes are sorted into the same time/spatial windows as for the first pulse.  
The cross correlation of both echoes enables to calculate the temporal movement in each window. 
Taking the flow direction angle and the time difference between the two echo impulses into account it 
is possible to calculate the mean velocity. The method offers a spatial resolution of the length of a 
discrete oscillation, but to achieve a better mean, minimal window lengths are set to about 0.01 m. The 
maximal size is variable and may reach up to 0.10 m. A more detailed description of the cross 
correlation method for flow velocity measurement is provided by Teufel and Solliec (2010). 
The velocity is calculated in 16 windows which constitute one velocity profile. The velocity values and 
the profile can be used to calculate the flow rate in full pipes as well as in open channels.  
For part filled open channel flows an additional water level measurement is required. The water depth 
is used to define the window positions.  
One major limitation of the cross correlation used by the OCM Pro CF is the restriction to a maximum 
depth for velocity measurements of 1.00 m. For larger distances only empirical or numerical 
calculations can be used taking into account the measurements along the first meter.  
This limitation is caused by a de-correlation between the two impulses. Before the second pulse can 
be sent into the water, all echoes from the first echo need to be collected. Therefore, the time between 
the two impulses is getting longer with increasing distance to the sensor. Growing distance also leads 
to a decrease in the intensity of reflected echoes; these two effects result in poorer correlation. 
With the OCM Pro LR (LR = Long Range) an instrument was developed by NIVUS to overcome these 
problems and to allow measurements in larger distances as well. To reduce the time between the two 
impulses NIVUS decided to use a chirp coding of the “normal” ultra sonic burst: 
 tUU  sin0  
where U  is the amplitude of the ultrasonic wave,   the frequency and t  the time. For chirp coded 
signals   is not longer a constant but depending on time. A linear chirp e.g. utilises 
tk  0  
with o  and k  as a constant. Figure 2 shows linear up and down chirp coded impulses in comparison 
to a “normal” impulse: 
 
Figure 2: “Normal” burst, up-burst, down-burst 
 
2.2 Test of flow velocity profile measurement in a large scale structure  
The test measurements using the prototype OCM Pro LR measurement device were carried out at a 
large-scale off-line sedimentation tank with CSO (46m long, 10m wide, volume 1679m³) situated at the 
WWTP of Petange/Luxembourg. The tank with CSO is the final CSO structure in the sewer system 
before WWTP inflow. Due to the low slope of the terrain the loading of the tank structure during storm 
events implies significant backwater effects in the sewer system upstream of the flow dividing 
structure. The additional storage volume within the upstream sewer system acts as a buffer which 
results in a quite steady inflow rate to the off-line sedimentation tank during storm events. Hence the 
inflow rate to the tank during the test measurements fluctuated only between 2660 l/s and 2677 l/s. 
The measurement device, which is mounted underneath a float (s. Figure 3), was fixed at the scraper 
bridge, which moves along the rectangular tank structure during overflow events (s. Figure 4). For 
further evaluation only measurements recorded when the scraper bridge moved towards the 
structure’s inflow were taken into account. The scraper bridge velocity of 0.027m/s was subtracted 
from the measured velocities. Hence, it is possible to analyse longitudinal flow velocity profiles over 




Figure 3: OCM Pro LR probe mounted underneath a surf board used as float 
 
 
Figure 4: Set up of flow velocity profile measurement in an off-line sedimentation tank with CSO  
Additionally, eight point measurements of flow velocity were carried out using a hydrometric vane 
model M1 by SEBA Hydrometrie GmbH to verify the flow velocity measurements of the OCM Pro LR 
monitoring system in a depth of 0.5 m (s. Figure 5). The vane has a diameter of 50 mm and a pitch of 
250 mm. The start-up speed at which inertia, friction, etc. are overcome is 0.03 m/s. It can measure 
flow velocities up to 2.5 m/s. 
 
Figure 5: Hydrometric vane M1 (SEBA Hydrometrie GmbH) and its application in the large scale tank structure 
For each revolution of the vane wheel a pulse is counted. The amount of pulses per time unit results in 
an average revolution velocity of the vane wheel over this time period. This revolution velocity is 
closely proportional to the flow velocity of the surrounding water.  
Flow velocity can be determined by the following formula: 
 nkv  
where  v  is flow velocity in m/s  n  is vane wheel revolution in 1/s 
k is hydraulic pitch in m   is the vane constant in m/s 
k  and   are determined during initial calibration by the manufacturer. 
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The flow velocity profiles provided by OCM Pro LR consist of up to 16 single velocities calculated as 
the average velocities within the 16 measurement windows (s. chapter 2.1). Since the number and 
size of these windows is closely related to the total depth measured by the device, single velocities of 
different profiles do not necessarily correspond to the same depths. Furthermore, the OCM Pro LR 
was not able to monitor the depth down to the total depth of the tank for all scans. This could be due to 
the variable turbidity of the combined sewage. To compare the hydrometric vane measurement to the 
OCM Pro LR values, an interpolation of the two velocities closest to a depth of 0.5m was carried out. 
A further test was conducted to prove the applicability of the measurement method to monitor FVPs in 
the biological reactor of the WWTP Schifflange/Luxemburg. The concentration of TSS in the reactor 
during the test measurements was about 4 g/l. The measurements were carried out using the standard 
monitoring device OCM Pro CF which is able to detect the FVP down to a depth of 1 m. The sensor 
that was again installed underneath a float measured FVPs during periods with and without aeration 
nearby a stirrer.  
3 RESULTS & DISCUSSION 
3.1 Comparison of OCM Pro LR and hydrometric vane measurements 
Figure 5 illustrates the good conformity of the velocities of the hydrometric vane measurements in a 
depth of 0.5m with the velocities provided by the interpolation based on OCM Pro LR flow velocity 
measurements (s. chapter 2.2). The significant deviation of the velocities in measurement 5 is caused 
by a significantly higher velocity measured by OCM Pro LR in one of the flow layers nearby. Leaving 
out measurement 5, the relative average variation between the measurements is 11.5%. Since vane 
and OCM Pro LR measurements are not related to exactly the same measurement location, only 

























Figure 6: Comparison of hydrometric vane measurements with  
velocities resulting of OCM Pro LR measurements 
3.2 Velocity profiles 
Further tests of the FVP measurement device OCM Pro LR focused on the observation of velocity 
profiles along the length of the tank structure as well as on the temporal changes of velocity profiles at 
specific location within the structure.   
Figure 7 illustrates FVPs all along the length of the structure at different depths. The FVPs were 
recorded during a move of the scraper bridge from the structure’s CSO to the inflow. The velocity 
profiles nearby the CSO (distance to inflow 34 m and 44 m) are significantly dominated by velocity 
peaks in the upper layer caused by the overflow activity. Even at the structures inflow the influence of 
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Figure 7: Schema of CSO structure and flow velocity profiles of specific measurement points 
The inflow enters the tank structure through inlet openings in a depth of 1.0 m to 2.1 m. In a distance 
of 4 m to the inflow the velocity peak caused by the inflow is detected in a depth of about 3.0 m. The 
moving of the inflow stream to a lower layer could be caused by lower temperatures of the inflow 
compared to the temperature of the water volume already stored in the structure. This indicates a 
short cut flow at the structures base that could interfere with sedimentation processes and cause 
remobilisation of sediments. Due to a rising amount of surface runoff the temperature of combined 
sewage decreases during storm events. That effects a concentration of the inflow stream in a depth up 
to 3.5 m related to a flow velocity peak which is still detectable in a distance of 34 m to the inflow.  
Since the measurement device can only monitor longitudinal flow velocities, rising and sinking flow 
streams cannot be detected. Therefore the moving of flow streams to lower or deeper layers cannot be 
monitored. Furthermore, it has to be pointed out that the flow velocity profiles observed in a specific 
distance to the structure’s inflow is not a representative or average velocity profile for the 
corresponding cross section area of the tank structure. 
The temporal changes of velocity profiles at specific location within the structure are illustrated in 
Figures 8 and 9. As expected, the dominating flow velocity in the profiles nearby the overflow weir is 
related to surface layers up to a depth up to 0.3 m (s. Figure 8). Besides this, all the profiles measured 
at the CSO show a further velocity peak at a depth of about 0.8 m.  
The measurements carried out in the middle of the tank (distance to inflow 20 m) provide quite 
heterogeneous FVP curves (s. Figure 9). In the time period the measurements illustrated in Figure 9 
were recorded, the inflow rate to the tank structure changed only slightly (s. chapter 2.2). This 
indicates that even during time periods of almost steady inflow rates there can be significant changes 
of flow streams inside of tank structures. Due to this the flow regime inside the structure either 
represents very complex interactions of different boundary conditions (e.g. sewage composition and 
temperature etc.) and/or is strongly related to random processes and chaotic behaviour. The variations 







Figure 8: Flow velocity profiles nearby the CSO of the tank structure 
 
Consequently, some FVP curves in chapter 3.2 have to be reinterpreted also. However, the main 
objective of the study was to test the applicability of the device for FVP measurements in tank 
structures which was tested successfully. It was not feasible to verify the FVP measurement in deeper 
layers by hydrometric vane measurements. Consequently, further tests to evaluate the accuracy of 
FVP measurements have to be carried out. Beside an evaluation by point measurements of flow 
velocity in varying depth, tracer tests could provide additional information to detect and verify flow 
velocities in specific flow layers. 
 
Figure 9: Flow velocity profiles in the middle of the tank structure 
Finally, further improvements and an additional tuning of the ultra sonic signal interpretation by the 
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measurement device are necessary to reduce the number of measurement failures for velocities in 
single gates of the FVP and to enable the device to gauge the total depth in tank structures that 
possess high TSS concentrations in deeper layers. 
 
3.3 FVP measurements in the bioreactor of a WWTP  
Due to the interference of air bubbles with the ultrasonic echoes the monitoring device was not able to 
measure FVPs during the aeration periods. In periods without aeration stable FVP measurements 
could be achieved. Figure 10 shows the FVP curves up to a depth of 1 m in a time resolution of 1 min. 
The velocities increase significantly in the deeper layers of the measurement range. This is caused by 
a stirrer installed nearby. Further tests are necessary to verify the observations and to prove the 
applicability of FVP measurements in deeper flow layers. 
Beside the possibility to detect shortcut flows and dead zones in reactors for waste water treatment, 
FVP measurements could provide valuable information to optimise flow streams and mixing conditions 
by improving stirring devices.  
To obtain more detailed information on flow velocity fields in a total cross section area of a tank it is 
necessary to conduct additional measurement in parallel. The measurement device OCM Pro does not 
monitor vertical flow velocity components. The additional observation of these velocity compounds 
would give important complementary information to evaluate flow streams in detail. It should be 
considered to monitor flow velocity components for all three dimensions, if the applicability of the OCM 
Pro LR for FVP measurements in tank structures is verified in further tests. 
 
Figure 10: Flow velocity profiles in the biological reactor of WWTP Schifflange/Luxemburg 
 
4 CONCLUSIONS 
In the framework of test measurements of the prototype device OCM Pro the capability of the 
monitoring system to gauge FVP curves in tank structures was considered. The measurement system 
was tested in a large scale off-line sedimentation tank with CSO during an overflow event as well as in 
a large scale bioreactor of a WWTP. 
A comparison of flow velocity measured by OCM Pro LR with a vane measurement at a depth of 0.5 m 
showed good conformity. The results prove the capability of the FVP measurement device to observe 
FVPs in large scale tank structures. The application of the measurement system can provide valuable 
information to  
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 Observe and optimise flow streams in CSO tank structures  
(e.g. short cut flows and dead zones) 
 calibrate or verify CFD models 
 optimise perfusion and mixing (stirring devices) in treatment structures at WWTP. 
Additionally, the application of several FVP measurements in parallel enables to observe flow fields in 
tank structures. Furthermore, the FVP measurements allows for calculation of average velocity in total 
cross section areas of tanks and can give valuable hints for efficiency analyses of tank structures. 
The results presented here should be verified by additional tests. Besides this, the evaluation of 
ultrasonic pulses within the device has to be improved to stabilize water level measurements in deep 
tank structures even under adverse boundary conditions and to avoid failure of single velocities of a 
FVP. An additional measurement of vertical flow velocity components would provide further important 
complementary information to analyse flow streams in large scale tank structures.  
Finally, it has to be stated that the ability to observe FVPs in large scale tank structures under 
operation conditions already provides numerous opportunities in view of dimensioning, optimisation, 
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